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CHAPTER IV 

Results

4.1 To ta l RNA extraction

Young leaves of c. ternatea L. and calli of A. lakoocha Rox. were used for 

RNA sources. Total RNAs were extracted by RNeasy Plant Mini Kit (Qiagen). The 

quality and concentration of all total RNA samples were determined on agarose gel 

as shown in Figure 14, and uv absorption at wavelength of 260 nm, respectively. The 

concentration of the total RNA was 320 and 225 pg m l1 from c. ternatea L. and A. 

iakoocha Rox., respectively.

A B

Figure 14 Agarose gel of the total RNA isolated from c. ternatea L. (A) and A. 

lakoocha Rox (B).

4.2 Isolation o f core sequences from  degenerate primers

Partial gene sequences were performed by PCR technique using the cDNA 

synthesized from RT-PCR as a template with multiple pairs of the degenerate 

primers. The results are showed in Figure 15. The pairs of degenerate primers F2R1, 

F2R3, F6R1 and F6R3 were able to amplify partial gene sequences from cDNA of c.
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ternotea while the partial gene sequences from A. takoocha were amplified by F2R1, 

F3R1 and F6R1.

1000 bp 

500 bp

1000 bp 

500 bp

Figure 15 Agarose gel of the partial gene sequences from c. ternatea L. (A) and A. 

lokoocha Rox (B) amplified by multiple pairs of the degenerate primers. M: 1 kb DNA 

marker, Band number 1, 2, 3, 4, and 5 represented the partial gene sequences from 

sets of primers including F2R1 (544 bp), F2R3 (283 bp), F3R1 (479 bp), F6R1 (640 bp), 

and F6R3 (414 bp), respectively.

4.3 Full length genes from  RACE PCR

Based on partial gene sequences of c. ternatea obtained from F6R1 primer 

pair, the new set of primers were designed overlapping the region between upstream 

and downstream of 5'-end (CTin_R, CTout_R, ALRin_R and ALRout_R) and 3'-end 

(RACEin_F and RACEout_F). The contig of 5'-RACE PCR was obtained from c. ternatea 

(1000 bp) and A. lakoocha (500 bp). เท 3'-RACE PCR, the contig was obtained from c.
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ternotea (700 bp) and A. lakoocha (900 bp) as showed in Figure 16. Then all contigs 

from both ends were aligned with the isolated partial gene sequence and the 

putative full-length cDNAs were recovered. The open reading frame (ORF) was 

determined from the start codon of ATG to the stop codon of TAA by ClonManager 

9.0. To retrieve the full coding sequence cDNAs, the primers covering the whole 

coding sequence were designed from start and stop codons and amplified by PCR.

The full length cDNA of cti gene, 1,495 bp, contained 122 bp at 5 ' 

untranslated region and 149 bp of 3 ' untranslated region with a poly (A) tail. The ctl 

showed open reading frame (ORF) of 1,224 bp (Figure 17A) encoding a putative 

polypeptide of 407 amino acids residues (Figure 18). For alrc2 gene sequence 

retrieved by RACE, the 1,625 bp full length cDNA of alrc2 gene was obtained and it 

contained 134 bp and 210 bp of 5 ' untranslated region and 3’ untranslated region 

with a poly A tail, respectively. The alrc2 showed open reading frame of 1,233 bp 

(Figure 17B) encoding a putative polypeptide of 410 amino acids residues (Figure 19).
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5' UTR 3* UTR
O RFctl: 1224 bp " . . .

122 bp K 149 bp

Core sequence

5* RACE sequence 

1000 bp

31 RACE sequence 

700 bp

s’ UTR 

134 bp
ORF olrc2 : 1233 bp

Core sequence

31 UTR 

210 bp

51 RACE sequence 

500 bp

31 RA.CE sequence 

900 bp

Figure 16 Isolation of full length cDNA of ctl and alrc2 by RACE PCR. The nested 

RACE-PCR products (51 and 3’ fragments) from c. ternateo (A) and A. iakoocha (B) 

are shown on 1% agarose gel, M: 1 kb DNA marker. The contigs from RACE-PCR 

products and core sequences were aligned to obtain the full-length sequence of ctl 

and alrc2 (C).
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Figure 17 Agarose gels of ctl and olrc2 coding sequence. The bands are shown on 1% 

agarose gel, M: 100 kb DNA marker and ctl and alrc2 coding sequences amplified 

from (โ. ternotea (A) and A. lakoocha (B), respectively.



49

1 GACAGTGTGGTTCTCAAATATCTGTGTTTCAGTGAATCGGCGGCGGAGGCGAGGGCGAAGGTTTAGGGAAAGAAAGAGTG
SI ATTGTGGTTGTGAGCTTTTGAGTAGCAGTTTACAGTAGTCACATGGATTCGGTGCTCTATGGATCTTTGCCTAAGGCCTC

M D 5 V I. y 3 - F :< R
161 TTCACTAACCACTGGTGCCAATTTCTGGACTACTAAATGTCGTGCCCACAATTACCATGCAAGCTCTTA7GCACCAAAAG
13 5 5 I. I I 3 A N F พ ~ T K c R A H N Y H A 3 5 Y A F X

241 CCTCATGGCACAAATGGAAATTCCATAAAGAATACAGTGTTTTAAGGTTTAGACAAT CAAGCTTGAGCCATCATTACAAA
40 A ร พ ร K •พ X F H K F. '/ 5 V 1 R ? ? Q ร 3 L ร H H Y X

321 GGCATTGGCGGAGGGTCTACACATCAAGAAAGTAACAGGAGATATGTTGTGAAAGCGGCCTCTGGACAATCTTTTGAATC
67 R Y V K A A s G î

401 TGAACCCCÀAGCTTTTGATCAGAAAAGCATITT GG ACT CTGTCAAAAATTCCTTGGATGCTTTCTACÀGGTTTTCTAGGC

S3 s r. F g A F I) 0 X ร V K M ร I ว A r Y R F 3 R
431 CACACACAGTTATTGGCACAGCATTAAGCATAATTTCTGTATCTCTCCTTGCATTGGAGAAATTATCTGATATATCTCCA
120 P H I V I S T A L ร I I ร ' ,V 5 L L A L E K L 5
561 ATGTTTTTTACTGGTGTGTTGGAGGCTGTGGTXGCTGCCCTGTTTATGAATATTTATATT GTTGGTTTGAATCAATTATC
i-n H v r T G V L X A V V A A ’ L ? M N I Y I - ~ N V T
641 TGATGTTGAAATAGACAAGATAAACAAGCCATATCTTCCACTGGCATCCGGAGAATACTCCTTTGGAACTGGTGTTACTA
■--> I D F โ. N X F ï !.. F ' l  A 5 G F y ร F 5 T GVT
721 TTGTIGCATCATTXTCAGTTCTGAGTTTTTGGCTTTGCIGGATTGTAGGTTCATGGCCATTGTTTIGGGCTCTTTTTGTC
2 00 I V A s F  5 V L 3 F K - c » ï V G ร K ~ I F « A 1 F V
SOI AGTTTTGTGCTAGGGACTGCTTATTCAATCAATGTGCCCC TTTTAAGATGGAAGAGGTTTGCAGTGCTTGCAGCAATGTG
2 - ร F V L G T A Y 3 : M V โ- ” - a พ X P. F A V 1 A A M ’
331 CATTCTAGCTGTTCGTGCAGTAATAGTTCAACTTGCATTTTTCCTGCACATGCAGACCCATGTGTACAAGAGGCCAGCTG
253 c I t A V R A V I V ï L A โ F I ■:< M ร T H V Y X R F A
961 TCTTCTCAAGACCTCTGATTTTTGCTACTGCATTCATGAG CTTCTTCTCTGTAGTTATAGCAT7GTTCAAGGATATACCT
2 so 7 r 5 R P L i F A I A F H .3 F X ร V V I A L F K  D ï. F

1041 GACAITGAAGGGGAIAAAATATTTGGCATCCAATCCTTTTCAGTACGTTTAGGTCAGAAGCGGGTATTCTGGATCTGTGT
30" i . i " G D K I F ร I Q 5 F 5 V F L G g K R V F พ I C

1121 TTCCCTTCTTGAAATAGCTTAT GGAGT CGCCCTCATGGTGGGAGCAGCATCTCCCTGTC7CTGGAGTAAAGCTATCACGG
333 V Y V l - I a Y G Y A L M V1 s  A  A S F C L >4 ร X A : X

1201 GTGCGGGACATGCTGTTCIGGCT7CACTTCTCTGGTATCAGGCCAAATCTGTAGATTTGAATACCAAAGCTTCGATAACA
360 GAG H A V L A ร L L K Y ’ Q A X ร V D L K T K A 3 I T

1281 TCGTTCTACATGTTTATCTGGAAGC7ATTTTACGCAGAATACCTGCTCCTCCCTTATGTTAGATGAGGATGCAGGGGCTT
337 3 F Ï M F I 14 L  F 'โ  A E y L L L F y V R

1361 TGTTGACTTTAGATATACTTGTGTTCCAAAGGATGCTGCCTC-TCACAGSCCGGGCCTGGTGTC7GCACAAGTTTTAAGTT
1441 TTTCACAGCAATTGTAAATGAAGAATTACTTTTGGGATTAAAAAAAAAAAAAAAA

Figure 18 The full length cDNA of ctl gene and its translated protein. The translated 

amino acids were decoded from ORF of ctl and indicated below their corresponding

nucleotide codon.
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I AAAACCCCRAAAACAGAAGTATAXTCAGAAACCAGTCXCG CTCdTTTGCAAGTACAAGAGTGGGCAAGAGTC7TGAATTT
Si TTCCTTTTCS iTTT-iTiCi A lïXGCiIGtl ùlmAÏk'G\! 1GClAti, ï GGA1 i V . i l !  ICIÏC 7GGGT7CA77

V r» ร ่ 5 1 L i  3 ร '
161 GAmAGGTCCTT CT CT ACT AGCAAATGGAGTGAATCATTGG AAGAAGGACAATCTCAAGAAGG77CGCÎTT7CAGGTTCA7

ะ. X G P S i - . A H 2 V ท H พ B K D it i  K K y a F 3 G ร

241 ATGTATCACATAGTCCTTCGAGCTTCAGT5AGTGGAACGT CATAGAAAoACGATGCACTGCTAGGTTTCAACATGCTCTT
V V 3 H 5 P S 5 3 5 ร พ ท* V 2 E R RC 7 A R- 3 Q K A L

321 CCAAAGCATTGCACGAAGGGT ACTA GAG AA GCTTCTACAT TTTACCATGGA CAAAAC AAAA GA CT CCI G-GTAAATGCCAC
? X a c  T X G T SE A 3 r r T H G Q i* r» R L L

401 TGCTGGACACCCGC7CGAGTCGSAACCT GGAGCCACT AG7 TCAAAAAAT GC7TCGAAC7C7 ACT AAAGGTGCCCTAGGTG
I A G H T i r 3  ร ? ■PA - ’ ร' 2 K :t A พ 5 T K G

4SI "i 11 X X X «C-nGG r l'2 i'C a Ccrir C€AC<AC#t:t»«tGX LK i. ทน■'๙(ะ«พ A.&UK A ร: ü>iGCA i  ï e  ï CA'O i À i V.Cl.iWi.1 1 GCAGijkCAG
V F V P. ST 3 8 F H T V A G i A G s ะ Y ร V ร i i  A V i

S61 AG ACT I I CAGATATTTCTCCATTATTTTTCACTGSGGTGC TG2AGGCTGTGSTTGCTGCCCT cmAT GAAT AT AT AT AT
R L 5 D A Ë i  L r  T T G V G E A V V A A i  F X ท I ï

641 TGTTGGTTTGAAXCAATTGTATGACATTGAT AT AGACAAG GTTAACAAGCCATCTC7TCCATTGGCTTCAGGGGAATAXT
1 V à L 2 L ï ร’ 1 t> î  B K V «  r. |f  ร  G ?  L A 5 G E ï

?2X CCGITTCAAC
5 V .  ■

7GGCACC7TG
* G TL.

ATTGTCACAT
î  V A

CCTTCGCTGT TCTGAGC7TT
.......... ALRC2 * . ....... .

TGCC7CTCAT
G L 3

GGA7CGTTGG TTCATGGCCC
G 5 w F

2 01 TTGÎ7TTGGGCGCTCTTCATAAGTTTCGTACT7GGAACTG CTTATTCAATCAATATGCCCCTTTTGAGATGGAAGAGATT
1 r ร,- A i  F IS F  V i  ร ï  A ï  ร I ท y P i  i  R *  *  -

SSI T GCT GT AGÎT GCTGCGATGTG CAT c e  i IGCGGT CCG7GCA GT GATT G TT c AACTAGCATTTTTCCTGCACATGCAGACCC
?  ~  V V- A A K C :  ะ A V R A Y I V ร :. A r  F L » M i  T

9 6 1 AT GT GT ACAAAAGACC7GCCAX CTT CT CAAC-GCCTCTGAT TTATSCTACT
. . . . . . . . . . . a . . . . . . . .

GCATTTATGA5C7TCT7CTCAGTTGTTATT
H V Ï K P. P A 1  ร  3 A r  « ร ? c

1041 GCATT GTTTAAGGATATACCTGATATCGACGGAGATAGGA TATATGGTATTCGATC7TTTACAGTGCGGTTRGGTCAAAA
A L F K D I P  O I  D ระ) P  51 î  V 2 I R 3 F T Y R L G Q

1 1 2 1 GAAGGTATTCTGSATCTGCAXTTCACTTC7 TGAAA7GGC7 TATAGCGTTGC7C7777AG7 GGGG-3CGTCATC7GGT7TCT
k 'k 'v r ะ c I 3 ะ. G £  K a' Y 5 V A i  i V ç A s ร ่ G F

1 2 0 1 TATGGA5CAAA3T7GC7AC3GTTTTGGGACACACAATCTT GGCTTCAT7A
............... » , » A L £ £ 2 .......................

CTIZGGGOTOGTGCCAAG7CCGT7GATT7G
1  พ ร K V A T V 1  G H T î G A 3 G G ร* G R A K ร V r L

1 2 2 1 TCCAGCAAAGCTGCAATAACAICC7TTTACATGTTTATAT GSAAGCTCrr TTATGCCGAGTATCTAC77ATACCGCTCGT
'รุ

ร ่ J  K A A J T  ร  ?  Y K ?  :  K H G F Ÿ À È Y i  i I P L
1 3 6 1 TASGTSAAAS

> . 1 »  A t:
AAATASAGACAGAATCTTSTA7AAAG5STA TTTATAGG7TTGAG7TTATT7GACGGATAATCTAAGAAC'G

1441 GATAGAAAAAG7TTA7T7GGGAAGTGATTTAG7G7TGGA7 GTTCAAAGTAGGGA7TTAAGT7CATT7GGGAAGTGCAAAA
1 5 2 1 TG7ATCGTA7 TGCCAAAGTCCTGAAAATGTGCTAATG7TG TACG7AAGAAGCAGCCTTGC7AAATGAGGA5TTGAGAAAC
1601 TAATTTGGGAm m u m m a AAAAA

Figure 19 The fu ll length cDNA of oirc2  gene and its translated protein. The 

translated amino acids were decoded from ORF of alrc2  and indicated below their 

corresponding nucleotide codon.
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4.4 Cloning o f fu ll length genes

The full length genes obtained from RACE-PCR were cloned into pGem-T easy 

vector and subjected to sequence verification. To confirm the insertion to the vector, 

the pGem-T vectors carrying the genes were cut by fcoRI restriction enzyme. After 

enzyme digestion, the band of full length c ti and alrc2  genes along with the bands 

of pGemT easy backbone at 3 kb were clearly seen on the agarose gel (Figure 20). 

The full length gene sequences were confirmed by sequencing.

M
B

pGemT easy

3000 bp 
c t i

1500 bp 

1000 bp

Figure 20 Verification of gene insertion to pGemT vector by restriction enzyme 

digestion are shown on 1% agarose gel against 1 kb DNA marker (M). The EcoRI 

restriction enzyme was used to digest recombinant pGem-T easy vector of c ti (A) and 

alrc2  (B).

4.5 เท s ilico  prote in identification and characterization

All deduced proteins from ORF of c ti and o lrc2  were predicted for their 

functional domain group by PSI-blast search

(http://www.ebi.ac.uk/Tools/sss/psiblast/) against the UniProtKB/Swiss-Prot database.

http://www.ebi.ac.uk/Tools/sss/psiblast/
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The deduced proteins showed their significant E-value with UbiA prenyltransferase 

family of homogentisate prenyltransferase (Figure 21). Then the sequences were 

predicted for their molecular weights and theoretical pi values by the Compute 

pl/Mw Tool from ExPASy (http://web.expasy.org/compute_pi/). The predicted sizes 

were 45.58 and 45.59 kDa and pi values were 9.53 and 9.87 of CTL and ALRC2, 

respectively (Table 12). The results indicated that c tl and alrc2  are in the group of 

UbiA prenyltransferase gene family and possibly encoded putative proteins 

functioning as homogentisate prenyltransferase.

225 399 37575 159 419

301*150 525 375 4M,75

P T _ U b if l s u p e r f a n i l  I y  I

CTL ALR C 2 C TL ALRC2

N am e A ccession D escrip tion In te rv a l E -value

P T J J b iA CCÜ3960 T o c o p h e r o l 1 1 4 -4 0 3 1 1 7 -4 0 7 9 .6 4 E -1 5 3 2 .0 8 E -1 4 8

_HPT1 p h y ty ltra n s fe ra s e

PLN0287 P L N 0 2 8 7 8 h o m o g e n t is a te 1 2 8 -4 0 6 1 3 1 -4 1 0 O.OOE+OO 0 .0 0 E + 0 0

8 p h y ty ltra n s fe ra s e

U biA P R K 12887 t o c o p h e r o l 1 1 1 -4 0 3 1 0 2 -4 0 7 2 .8 9E -9 6 2 .9 7E -9 9

p h y ty ltra n s fe ra s e

Figure 21 PSI-blast search of the putative proteins CTL and ALRC2.

http://web.expasy.org/compute_pi/
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Table 12 Summary of computed pi and MW of the deduced proteins.

ORF (bp) Amino acid (residues) pl MW (kDa)

a lrc2 1233 410 9.87 45.59

c tl 1224 407 9.53 45.58

The transmembrane (TM) domains of CTL and ALRC2 were predicted by 

TMHMM program (http://www.cbs.dtu.dk). These genes contained nine putative TM 

domains (Table 13 and Figure 22) and possessed a conserved prenyltransferase motif 

(NQXXDXXXD) and an aspartate rich motif (KD(I/L)XDX(E/D)GD) between TM domain 2 

and 3 and TM domain 6 and 7, respectively (Figure 23). Subcellular localization of all 

amino acid sequences were predicted on their N-terminal peptide by TargetP 1.1. 

The result showed that this program was failed to assign the organelle localization 

with low reliable prediction (RC=5) as showed in Table 14. Therefore, the proteins 

were predicted localization and signal peptide position by other programs e.g. 

SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/), WoLF PSORT 

(http://www.genscript.com/psort/wolf_psort.html) and Protcomp 9.0 

(http://www.softberry.com/berry.phtml?topic=protcomppl). Using the SignalP, it was 

found that the amino acid sequences showed low signal peptide (ร- score <; 0.2) as 

shown in Figure 24 while CTL and ALR were chloroplast protein containing transit 

peptide 15 and 17 amino acid residues when prediction by WoLF PSORT and 

Protcomp (Table 15).

http://www.cbs.dtu.dk
http://www.cbs.dtu.dk/services/SignalP/
http://www.genscript.com/psort/wolf_psort.html
http://www.softberry.com/berry.phtml?topic=protcomppl


54

Table 13 List of transmembrane domains of ALRC2 and CTL.

ALRC2 CTL

Transmembrane alpha helix regions

TM1 VIGTALSIVSVSLLAVQRL VIGTALSIISVSLLALEKL

TM2 FFTGVLEAWAALFMNIYIVG FFTGVLEAWAALFMNIYIVG

TM3 GEYSVSTGTLIVTSFAVLSFCLS GEYSFGTGVTIVASFSVLSFWLC

TM4 SWPLFWALFISFVLGTAYSINMP SWPLFWALFVSFVLGTAYSINV

TM5 VAAMCILAVRAVIVQLAFFLHMQ LAAMCILAVRAVIVQLAFFLHMQ

TM6 RPAIFSRPLIFATAFMSFFSWIALF RPLIFATAFMSFFSWIALF

TM7 ICISLLEMAYSVALLVGASS ICVSLLEIAYGVALMVGAAS

TM8 KVAWLGHTILASLLWGRAKSV KAITGAG HAVLASLLWYQAKSV

TM9 SFYMFIWKLFYAEYLLIPFVR SFYMFIWKLFYAEYLLLPYVR
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Table 15 Sequence data analysis by WoLF PSORT and Protcomp.

Amino acid 

sequence

Similarity in 

location DB

Extracellula 

r score

Intigral

score

chloroplast

transit

peptide

CTL 407 chloroplast 0.9 9.3 15

ALRC2 410 chloroplast 0.9 9.5 17
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ALP.C2LaPTlRCVTE2-1C0VTE2-1ÜÎ0VTE2-1AtVTE2-2G 3D?G4D?TaHGGTOsHGGTG31VTE2-2HvHGGTSfK8CT-2SfGoDTSfiLCTApV?E2-1CTSfN3DT-l

ALSO 2 LaPTl AtV?E2-1 CpV?E2-1 GmV?E2-1 AtV?E2-2
G4DiTaHGGT
รํรุ๊ร-,HvHGGT SÎN8DT-2 SfG6DT SfiLCT ApV?E2-1
SfN8DT-1

ALRC2LàPTlAtV?E2-1CpV?E2-lGntVTE2-lAtV?E2-2
G4P?TaHGGTCsKGGTG»VTE2-2HvHGGTSfKâDT-2SfGoDTSfiLCTApV?E2-1
SfN8DT-l

ALRC2LaPTlAtV?E2-1CpVTE2-lG01VTE2-1ACVTE2-2
ITaHGGTOsHGGTGmVTE2-2HVHGGTSfN8CT-2SfGoDTSfiLCTApVTE2-l

SÎN8DT-1

ALRC2LaPTlAtVTE2-lCOVTE2-1GrnV?E2-lAtVTE2-2
PTaHGGTOsHGGTGmVTE2-2HVHGGTSfN8DT-2SfGoDTSfiLCTAÇVTE2-1
รํ»ST-1

DSFLLGS -LKGPSLIANGV-------- HHWKKDNLKKVP.FSGSYVSHSPSSFSEnîlVIERPELSSVSSFSiGTNPFISIP............... -HKmiKLKVSSYCCKSKSHVIHS----ESLLSSS -S--Lv s A AGG...........FCWKKQNLKLHSLSEIRVLRCDSS---KVVAK-ESLLLNS-FS--PSFAGG---------KICFRDTYKKAYÏATARCHTLNS---------DSMLLRS-FPNTHNASS1A-----  TTGSYLPHASWHNPXIÇKEÏNF---ELS-ISQSPR-- —-------- ----—-VRFSSLAPBFLAASHHHBFSVH---SAULAs6-FTIPSS1KAGGNBPRSKÇCGX-TYYASSXV PTLWHKTEXIÇKEHCA-DW-31AISSHPKPYSVT7GGNLKRSXHTTKNIYFASSH1SKASPHKRETQIEHMV--------ÇATTAAAAA-ÇLLTDTRBG.... ....F'RCSFABLCATBLSWPGRFAVEAr AG--------ÇASSAASSAACSAIKeAAH-------ÇHTVQVQEDKRGSSFPARFGTRXLS---------ELS-LSPTSH----... .... ........RVPSTIPTLKSAKLS STKATKS--------ÇAVT AAAAAGQLLTDTP-RG .....PRC-? APLGTTRLSHTGF F AVEAF AG--------GFVLFAS-FPGAS5ITTGG3CLP.SKQYAX-NYYASSYVTTLWHKKGXIÇKEYCA..... ....GFVLFAS-FYGASSIKTGGSOîRSKQYAK-HHYASSYLTTLCHKTGENKXEYPF--------GFVi/FAS-FFPSSSITTG--- --------------SYGTTLWHKSSXIQKEYCV... ....DSLLTXP-V---VI PL PS------------ PVCSLPILRGSSAPGÇYS'GBNYB?----DSVLYGS-LPXASSLTTGANFHTTKCRAH-HYKASSYAPKASWHKWXFHKEYSV--------GSMLLAS-F PGASSITTGGSCLRSKÇYAK-NYüASSYV77SWYKKRKIQXEHCA--------

C7AFFÎHALPKHCTKGTREASTF7..... .......-TNsràcSPNNNNNTSKKTTHLLGLÏGQSRCLLKPL—PH F RHNl{|R FCGQGS--SLLLY-------------LNKHTGEYHLSRTRQRFTFH----------LRFRWPSgNHHYKSIE-GGCTC----------LAGKFIS IPRCVB FT s LST s..... --RMBSK--- -Rt4SSN - s IçHRCKV IEDGFKY------------LRFQÇPS IDHHYKCIF.GGSTY------ -----RCÇSSATTOTHR FSAIsç ATS PERK------APR- -wGGKLSfiEN- -SALHQCQSLTRS------1 RRÇQPIiFLGFSKHFKSIGLHHHSY-'CÇSSATTMHXFSA1SÇAARPPPK------TKP.

MLSSSH>IRIQPCILP.FRQSSAIFSKHK

RHHYPIHEGGSTC-----------KHP.HKV IHRGSSC-----------
SHHYKGIG-GGSTH----------KQHY K V NEGGSTSNT---------

TM 1 M o tif I

--PKHKSRFRKKATAGQ--- PEAFDSNSKÇKSFR-—qsghrtyiSkavsgqsî sepesï-pnnrwcïSks--KKCNIKrVKKATSEKSFgSEPCAFCPKS:- FVSTK - YRfJls IPACSQVGAAESDD--PVLD!- -ÇQWKRKCTgNA I S£QSF{3fESC.AQYKKSMK;—Q&CNRKFVgKAISKÇPLGFEAHASNPKNILD.

-AV PER PQSPSSIFACTGVGASGS DR- QCSDDYPALÇAGCSEVNacgNGSNANRLEEIRGi --KECEKKYVgNAISEQSI--qekekkyi|katskqti- -QECERKYVKNATSGQL] --SRSÇKLGHgKATSEHS]--QSSNPRYVttKAASGQSI -SKECEKKYVgNA1SEQS !

ÏEPÇARDPKNIWG::YEPHAQHSKSIWi
YEPÇATCIKSNWD:SGSEGYTPRSIWEi
jsEPÇAFDQKSIL-YEPÇTRDPESIW;

TM 3
SFaSIsFCLSWTV! "jGFILILKL ASFSgfsFWLGWIV<___ F ri LG WJ ÏASF! “JÂG-LLVVGFHFG [aASAHÏGLVIFSWSS'

IFFAAAG-LSIfiGLNF' FSIGIRSGgi ;GLGFAKIV< FGLAWIEt FGLTLIV< FGïGHLVl
jGLGFAHIVEg!

7?7765€162
§ 76 73 6 9 597374
I627476

179182162162164157175178 177 173 160 177176 176 160 164 176179

284284267267
Is280
I
ะ:62 282 281 281 265 269 231 284

TM 6____ M f iî i t TM 8
«vrBgiKTaB s I «GFÜ|̂DLS--SKPA 387SNIlgLSgÂil ESIFqlIŝDRTKYTPEA 389>8v ifSfêyjmv *|TTfcAFEt'SfôDLS--SKTS 370จุ! V ?|SÎ WGpSÎSBDEK--SKAA 370SRIvVlSiî«MS*1!'SI îæDLK—SX AS 372’.GîaWrWSvfjil S GIFQTWVBEXAK'/TKE A 3643$ ; FfdvÆJT AlffcfLV. . ไ.jsgp F-;--SK DS 383a I FfjGî-gNAE]?ïSI |sjSi:L5--CKAS 38c
*11 พ ^^ «jj-LT Jt̂EVE--HÇAP. 385gEAwprRÇHCDVE--KKAW 381FWISIYÇgîiBecanytkpa 367
'น1 Tฟ L7 ÇHFEVS--HÇAP 385JWsvHYHgÏSTDLT—sjivv 384แร I GYQ'.SsgDLK—IWEA 384SglSÇjGl̂sA®«SI WNFËIsScLX—MKDS 368• GSI WKFg|SHGrM--TKTT 372จุฐ AIË̂ÂÂพระ >4Y®|sgDLN--TKAS 384ะเ11ฒะ̂  aSsi 5 ฯwyh|i‘SScLT--SNVV 387

TM?,.

Figure 23 Multiple alignment of prenyltransferases family in plants. Motif I

(NQxxDxxxD) and Motif II (KD(l/L)xDx(E/D)GD) indicated with black arrows are
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conserved amino acid sequences among prenyltransferases and transmembrane 

domain (TM) are indicated with black lines.
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Figure 24 The graphical image of transmembrane prediction by SignalP, C-, ร-, and Y- 

score cleavage site were predicted to be at position of maximal Y score (A) CTL and 

(B) ALRC2. C-score: raw signal peptide cleavage sites, S-score: positions within signal 

peptides from positions in the mature part of the proteins and Y-score: combined 

cleavage site score (c and ร),
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4.6 P h y lo g e n e tic  ana lys is

Amino acid sequences of CTL and ALRC2 from candidate genes were 

compared to their homologs by using BLASTX algorithm in the NCBI database. The 

CTL and ALRC2 showed high sequence homology to homogentisate phytyltransferase 

of Glycine m ax  and Morus notabilis  with 84% and 88%, respectively. The 

phylogenetic tree of prenytransferase families was constructed including 

homogentisate phytyltransferase (HPT), flavonoid prenytransferase (flavonoid PTase), 

homogentisate geranylgeranyltransferase (HGGT), and homogentisate solanesyl 

transferase (HST) and shown in Figure 25. The analysis revealed that the proteins CTL 

and ALRC2 are closely related to the group of HPTs. The CTL and ALRC2 were highly 

similar to VTE2-1 involved in vitamin E biosynthesis in plants. Further sequence 

examination, the conserved aspartate rich regions (motif i and motif li) of various 

prenyltransferases were compared (Figure 26). เท motif I, the CTL showed high 

similarity with the HPT of G. m ax  (GmVTE2-l) and Arabidopsis tha lia n a  (AtVTE2-l) 

while the ALRC2 were closest to the HPT of Cuphea avisera var. pulcherrim a 

(CpVTE2-l) and M. no tab ilis  (MnVTE2-l). เท motif II, the CTL showed similarity with a 

group of HPTs of AtVTE2-l, GmVTE2-l, CpVTE2-l, Triticum aestivum  (TaVTE2-l), and 

flavonoid prenyltransferase of Sophora flavescens  (SfiLDT). The ALRC2 showed 

similarity with a group of HPTs of A llium  am peloprasum  (ApVTE2-l), Md\ATE2-l and 

homogentisate geranylgeranyltransferase of Oryza sativa Japonica  (OsHGGT). These 

results suggested that CTL and ALRC2 were likely to be HPTACFE2 enzymes.
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t Sophora flavescens SfN8DT-2 (B1B5P4) 
Sophora flavescens SfiLDT ( BAK52290) 

Sophora flavescens SfG6DT (BAK52291)

100

- Oryza sativa Japonica OsHGGT (AAP43913)
- Hordeum vulgare HvHGGT (AAP 43911)
-  Triticum aestivum TaHGGT (AAP43912) 
 Humulus lupulus LaPT 1 (BAJ61049)

100
100

•Arabidopsis thaliana AtVTE2-2 (DQ231060) 
-Glycine max (soybean) GmVTE2-2 (DQ231061)

0.05

Figure 25 T h e  p h y lo g e n e tic  tre e  o f  p u ta tiv e  p ro te in  s e q u e n ce s  o f  CTL a n d  ALRC2 and 

re la te d  p re n y ltra n s fe ra s e  p ro te in s  in p la n ts . P ro te in  s e q u e n ce s  f ro m  va rio u s  p la n t 

species w e re  re tr ie v e d  fro m  NCBI da ta ba se  and  th e ir  a ccess ion  n u m b e rs  w e re  sh o w n  

in paren th es is . T he  n e ig h b o r-jo in in g  was d ra w n  using MEGA4. T h e  o p t im a l tre e  w ith  

th e  sum  o f  b ra nch  le n g th  = 5 .75502538  was sh ow n . B o o ts tra p  v a lu e s  1000 re p lic a te  

are sh o w n , and  th e  b ra nch  le n g th s  re p re s e n te d  re la t iv e  g e n e tic  d is ta n ce s . T he  

e v o lu t io n a ry  d is tan ces  w e re  m ea su red  by JTT m a tr ix -b a se  m e th o d . T h e  a b b re v ia tio n s  

w e re  fo llo w in g : FPT, F la vo n o id  p re n y tra n s fe ra se ; FHPT, h o m o g e n tis a te

p h y ty ltra n s fe ra s e ; p re n y ltra n s fe ra se  and FIGGT, h o m o g e n tis a te

g e ra n y lg e ra n y ltra n s fe ra se .
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Motif

AtVTE2-2
GmVTE2-2
LaPT1
ALRC2
CpVTE2-1
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HvHGGT
OsHGGT
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SfN8DT-2
G4DT
G3DT
SfiLDT
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A SfN8DT-1 
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I----- AG3DT

-  •  ALRC2 
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ฟ  C>MnVrE2-1 
1 o TaHGGT 
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o AtVTE2-2 
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Motif II
GmVTE2-2
AtVTE2-2
ApVTE2-1
MnVTE2-1
OsHGGT
ALRC2
HvHGGT
TaHGGT
SfG6DT
G3DT
SfN8DT-1
SfN8DT-2
CpVTE2-1
SfiLDT

WTC2-1
AtVTE2-1
GmVTE2-1
G4DT
LaPT1

c?|OGmVTE2-2 
‘ O AIVTE2-2

o  ApVTE2-1
o MnVTE2-1

' อ OsHGGT 
•  ALRC2

1 o HvHGGT 
□ TaHGGT

--- -- A SfGSOT
1AG3DT

---H A SfN8DT-1
IA SfN8DT-2

o CpVTE2-1 
A SfiLDT 
•  CTL 
๐ TaVTE2-1 
O AIVTE2-1 
o GmVTE2-1 
-AG4DT

-A LaPT1

Ô.02

Figure 26 P h y lo g e n e tic  tre e s  fo r  co nse rve d  a m in o  acid  se q u e n ce s  ( th e  a sp a rta te  rich 

reg ions) o f  p re n y ltra n s fe ra se  fa m ily . The  a lig n m e n t o f  m o t i f  I (A) a nd  m o t if  II (B) fro m  

p re n y ltra n s fe ra s e  fa m ily . T rees w e re  g en e ra ted  b y  MEGA6 w ith  n e ig h b o r-jo in in g  

m e th o d . T he  a v a ila b le  p ro te in  sequences fro m  VTE, GDT, HGGT, and  PT groups w e re  

re tr ie v e d  fro m  va riou s  species in c lu d in g  Arabidopsis thaliana (At), Allium 

ampeloprasum  (Ap), Cuphea avisera var. pulcherrima (Cp), Glycine max  (Gm), 

Hordeum vulçare (Hv), Humulus lupulus (La), Morus notabilis (M n), Oryza sativa 

Japonica (Os), Triticum aestivum (Ta) and Sophora flavescens (Sf).
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4.7 Construction of plant expression vectors

T h e  ORF genes w e re  a m p lif ie d  w ith  sets o f  p rim ers  in 3.15.1. T he  PCR 

p ro d u c ts  w e re  o v e rh a n g in g  a t s ta rt c o d o n  and  b lu n t  e n d  a t s to p  c o d o n . T h e n  th e  

g e l-p u rifie d  PCR p ro d u c ts  w e re  c lo n e d  in to  pENTR /D -T O P O  ๐  v e c to r  by 

T o p o is o m e ra s e  I to  p ro d u c e  th e  e n try  c lo n e  and  tra n s fo rm e d  in to  E. coli. T he  

o b ta in e d  re c o m b in a n ts  w e re  ch e cke d  fo r  th e ir  in s e rtio n a l d ire c t io n  b y  Not\ re s tric tio n  

d ig es tio n , PCR, a n d  se qu en c in g . T h e  c o rre c t o r ie n ta tio n  p a tte rn  o f  re c o m b in a n ts  

sh o w e d  3.8 kb b u t e m p ty  v e c to r  sh o w e d  2.5 kb w h e n  c u t w ith  Not\ re s tric tio n  

e n z y m e  (Figure 27A and  27B). A m p lif ic a tio n  o f  ctl and  olrc2 fro m  th e  re c o m b in a n t 

v e c to rs  b y  PCR s h o w e d  th e  e x p e c te d  bands a t a b o u t 1.2 kb (Figure 27C and  27D). 

T he  gene se q u e n ce s  w e re  c o n firm e d  again by se qu en c in g . H ence, th e  c o rre c t e n try  

v e c to rs  w e re  s u b c lo n e d  s e p a ra te ly  in to  a d e s tin a tio n  c lo n e  (pGW B6) b y  G a te w a y0  LR 

c lo n a s e ®  II to  p ro d u c e  th e  p la n t express ion  c lo n e s . T h e  pG W B 6::cf(, and  

p G W B 6::a (/r2  w e re  f in a lly  o b ta in e d  and  c o n firm e d  th e  re c o m b in a n t v e c to rs  b y  PCR 

s h o w e d  th e  e x p e c te d  b a n d s  a t a b o u t 1.2 kb (Figure 28A a nd  28B), re s p e c tiv e ly . Each 

c o n s tru c t w as s u b s e q u e n tly  tra n s fo rm e d  in to  E. coii. and  Agrobacterium tumefaciens 

fo r  fu r th e r  used  in p la n t tra n s fo rm a tio n .
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Figure 27 T h e  c o n s tru c t io n  o f  th e  e n try  v e c to r  (pENTR /D -T O P O ^  h a rb o rin g  th e  cti

and  oirc2 genes w e re  a n a ly z e d  o n  1% agarose ge l aga inst 1 kb  DNA m a rke r (M). T h e  

re c o m b in a n t pENTR /D -T O P O ® :c f( d ig es ted  w ith  Not\ re s tr ic tio n  e n z y m e  (A) a n d  th e  

re c o m b in a n t pENTR /D-70PcP :alrc2 d ig e s te d  w ith  Not\ re s tr ic tio n  e n z y m e  and  th e  

e m p ty  pENTR /D -T O P O °  v e c to r  (B). PCR p ro d u c ts  fro m  re c o m b in a n t cti and  alrc2 in 

pENTR /D -T O P O °  v e c to r  (c a nd  อ).
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Figure 28 The construction of the destination vector. The PCR products amplified 

from recombinant cti (A) and airc2 (B).in pGWB6 vector and shown on 1% agarose 

gel against 1 kb DNA marker (M).

4.8 Gene expression o f cti and oirc2 overexpressed in to m a to  leaves

The cti and airc2 genes were transiently expressed in tom ato leaves via 

Agrobacterium-mediated transformation. After infiltration of the recombinant 

expression vectors, leaves were harvested at 1, 3, 6 and 9 day post agroinfiltration; 

dpa and their tota l RNA were extracted for cDNA synthesis. During 1 - 6  dpa the 

visible phenotypes of infiltrated tomato leaf of empty vector and pGWB6::cd not 

different when compare with control but these transient expressions were slightly 

induce cell death at 9 dpa that found light yellow around of brown spot. เท transient 

of pGWB6:o/rc2 leaf showed visible phenotype same as control during 1 - 3  dpa but 

the leaf was induced cell death at 6 dpa that seem little  yellow and increasing at 9 

dpa. (Figure 29)

Expressions of cti and oirc2 were under the control of CaMV 35 promoter and 

the gene expression profile was performed by RT-PCR was performed on tomato
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leaves overexpressed the genes as showed in Figure 30. The recombinant pGWB6::cf( 

showed highest expression at 1 dpa and sharply decreasing after 3 dpa according to 

RT-PCR (Figure 30A). The RT-PCR results showed that the recombinant pGWB6:a(/r2 

showed expression between 1 and 6 dpa and very low at 9 dpa (Figure 30B).
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C o n tro l

1 dpa

pG W B 6::a (rc2

3 dp a 6 dpa 9 dpa

Figure 29 Tomato leaves after infiltration o f the recombinant expression vectors via 

A. tumefaciens-mediated transformation. Leaves were harvested at 1, 3, 6 and and 9 

day post agroinfiltration (dpa). Leaves were harvested at 1, 3, 6 and and 9 day post 

agroinfiltration (dpa).
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pGWB6::crt pGWB6

1 3 6 9 M 1 3 6 9

ctl (500 b p )

alrc2 (250 b p)

^ -T u b u lin

(3 -T u b u lin

pGWB6::o(rc2 pGWB6

d p a

dpa

Figure 30 RT-PCR expression analysis of ctl and alrc2 in the agroinfitrated tomato 

leaves at 1 -  9 dpa. (3-Tubulin was served as an internal reference gene and the 

empty vectors were served as negative control. Gene Ruler 1 kb DNA ladder (M) was 

used to  indicate the product size. The gene expression of the recombinant 

pGWB6::cf( (A) and pGWB6::a/rc2 (B) were detected on the 1 % agarose gel.

4.9 R ecom binant p ro te in  expression in to m a to  leaves

All proteins (CTL and ALRC2) in the pGWB6 vector expressed in transformed 

tom ato leaves were fused with GFP protein (26.8 kDa) at the N-terminal of the 

proteins. Total proteins were extracted from the leaves and determined the protein 

concentration by Bradford’s method. One hundred micrograms of to ta l protein were 

loaded and separated on 10% SDS-PAGE gel. The proteins were detected by blotting 

with anti-GFP antibody conjugated with HRP on PVDF membrane and visualized using 

chemiluminescent HRP substrate (Figure 31). The CTL was slightly expressed at 1 dpa 

and gradually increased at 3 dpa. เท contrary, the ALRC2 could not be detected at 1 

dpa. However, it was gradually expressed at 3 and 6 dpa.
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pGWB6 _____ pGWB6:: alrc2

ALRC2 & CTL . ’  1 3 6 . 5

Figure 31 Detection of the recombinant proteins by western blots analysis. Expression 

o f ALRC2 and CTL proteins from agroinfiltration tom ato leaves using antibody against 

GFP protein in different dpa compared with the empty vector (pGWB6).

4.10 D e te rm in a tion  o f to c o p h e ro l c o n te n t in a g ro in filtra te d  to m a to  leaves

Transformed tom ato leaves at 1, 3, 6 and 9 days were extracted and 

analyzed for the accumulation o f oc-tocopherol against control by TLC technique. 

The amount of a-tocopherol was determined against the a-tocopherol standard 

curve as shown in Figure 32. The recombinant protein from pGWB6::cf( showed high 

effectiveness in enhancing the production of a-tocopherol content at 3 dpa. The 

results showed 2.4 ±  0.38 fold increment of a-tocopherol content compared with 

the control (Figure 33) and the intensity of a-tocopherol band on TLC clearly 

showed the difference after 3 dpa (Figure 34A). Moreover, the transformation of 

pGWB6::o(rc2 could induce the accumulation of a-tocopherol in infiltrated tomato 

leaves at 3 dpa (Figure 34B). The a-tocopherol content was increased 1.4 ± 0.05 fold 

higher than the control (empty vector; pGWB6) (Figure 33).

4.11 D e te rm in a tion  o f to ta l c h lo ro p h y ll c o n te n t in a g ro in filtra te d  to m a to  

leaves

pGWB6::cfl

1 3 6 9 dpa

When ctl and alrc2 were introduced to tom ato leaves mediate 

agrobacterium, the resulting transient plants showed the decreased total chlorophyll 

when compare with the control. The total chlorophyll o f transient plants ctl and
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alrc2 dropped from 31.2 ±  0.34 to 28.2 ±  0.09 pg m l1 and 32.1 ±  0.07 to 30.8 ±  0.06 

pg ml respectively in order o f day after agroinfiltration ( 1 - 9  dpa) that correlated 

with a-tocopherol accumulation (Figure 33).

S ubstance S ubstance 1 <g 2 9 2  nm R epression mode Linear

V • 45 503 ■» 7 WT 'X  r * 0 S9953 sdv -  1 75%

Figure 32 The standard curve o f a-tocopherol. The amount of a-tocopherol was 

plotted against absorption unit (AU) measured ๐ท TLC plate developed with 

chloroform:cyclohexane (11:9 v/v) and scanned under 292 nm (ท=3).
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[~1 Control 
pGWB6

g  pGWB6::ct( 
g  pGWB6::olrc.2

Day Post Agro in fitra tion  (dpa)

Figure 33 The a-tocopherol and total chlorophyll contents in pGWB6::alrc2 and 

pGWB6::cf( agroinfiltrated leaves. Determination of a-tocopherol content (bar graph) 

was from the band intensity on TLC plate. The a-tocopherol content from 

agroinfiltrated leaves overexpressing C Ü  and olrc2 genes were compared with empty 

vector (pGWB6) in 1 -  9 dpa. Data represent the mean and SD (ท=3). The different 

between samples measurement by two way ANOVA test (*: p < 0.05, **: p < 0.01 and 

***: p < 0.001). The tota l chlorophyll content (line graph) was measured by

absorption at 663 and 645 nm.
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Lane

Lane

Figure 34 TLC p a tte rn s  o f  to m a to  leaves expressing  alrc2 and  ctl e x tra c ts . T he  

a g ro in fitra te d  leaves  a t 1, 3, 6 a n d  9 dpa  express ing  ctl (A) and  alrc2 (B) w e re  

e x tra c te d  a n d  s e p a ra te d  on  th e  TLC p la te . S tanda rd  a - to c o p h e ro l w as used  to  

c o m p a re  w ith  a - to c o p h e r o l fro m  th e  sam p les . Each sa m p le s  w as s p o tte d  in 

d u p lic a te . Lane 1 -  2: e m p ty  v e c to r  (pGW B6) at 1 dpa , Lane 3 - 4 :  re c o m b in a n t a t 1 

d pa , Lane 5 - 6 :  e m p ty  v e c to r  (pGW B6) at 3 dpa , Lane 7 - 8 :  re c o m b in a n t a t 3 dpa , 

Lane 9: a -T o c o p h e ro l s ta n d a rd , Lane 10 -  11: e m p ty  v e c to r  (pGW B6) a t 6 d pa , Lane 

12 -  13: re c o m b in a n t a t 6 d p a , Lane 14 -  15: e m p ty  v e c to r  (pGW B6) a t 9 d p a  and  

Lane 16 -  17: re c o m b in a n t a t 9 dpa.
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เท order to  confirm the a-tocopherol synthesis as a result o f the 

overexpression o f the recombinant protein, the a-tocophero l extracted from the 

infiltrated leaves was detected by GC-MS method. The GC-MS chromatogram showed 

the increase of a-tocopherol, fatty acids, and lipids from the transformed leaves 

when compared with the control (Figure 35). เท addition, during transient 

overexpression o f both genes showed high level o f phytol (6.074 min), a precursor of 

phytyldiphosphate (PDP) which is the substrate o f enzyme HPT and also palmitic acid 

(5.534 min), linoleic acid (6.248 min), a- linoleic acid (6.281 min) and stearic acid 

(6.359 min) (Figure 36A and 36B), was detected at 3 and 6 dpa corresponding to the 

increase o f a-tocopherol content at retention time of 12.953 min and its 

intermediate accumulation MPBQ and DMPBQ have retention time of 7.923 and 

8.023 min, respectively (Figure 36C and 36D) From GC-MS spectra, it is possible to 

identify a-tocopherol, MPBQ and DMPBQ, intermediates which are not commercially 

available, as shown in Figure 37A, B and c, respectively. The MS spectrum of MPBQ 

revealed quinol head group fragment at m/z 281 and 321 combined with phytyl 

group fragment at m/z 265 while, the DMPBQ MS spectrum showed quinol head 

group fragment at m /z 281 and 335 combined with phytyl group fragment at m/z

265 and 155.
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Figure 35 GC-MS chromatogram of infiltrated leaves in 3 dpa of pGWB6::cf( showed 

the increase of metabolites. T he  numbers on the GC-MS chromatograms are the 

compounds: 1: palmitic acid (5.534 min), 2: phytol (6.074 min), 3: linoleic acid (6.248 

min), 4: a - linoleic acid (6.281 min), 5: stearic acid (6.359 min), 6: MPBQ (7.923 min), 7: 

DMPBQ (8.203 min), 8: pentacosane (12.321 min), 9: a-tocopherol (12.953 min), 10: 

nanocosane (14.279 min), 11: a-stigmasterol (14.511 min) 12: (3-Sitosterol (15.171 

min), 13: Monolinoelaidin (15.258) and 14 :(3-Amyrin (15.387 min).



74

1

Figure 36 GC-MS ana lys is  o f  th e  c h e m ic a l p ro file s  o f  p h y to l and  fa t ty  acids co m p a rin g  

b e tw e e n  th e  tra n s ie n t express ion  o f  C Ü  (A) and  alrc2 (B) and  a - to c o p h e ro l to g e th e r  

w ith  in te rm e d ia te s  (MPBQ, DMPBQ) in v o lv e d  in th e  b io s y n th e tic  p a th w a y  o f  cti (C) 

a nd  oirc2 (อ )  in to m a to  leaves a t 1, 3, 6 and  9 dpa  c o m p a re  w ith  c o n tro l (e m p ty  

v e c to r : pGWB6). T he  la b e le d  n u m b e rs : 1: p a lm itic  acid  (5.534 m in ), 2: p h y to l (6.074 

m in), 3: l in o le ic  ac id  (6.248 m in), 4: a- l in o le ic  acid  (6.281 m in), 5: ste a ric  acid  (6.359 

m in), 6:MPBQ (7.923 m in), 7: DMPBQ (8.203 m in), 8: p e n ta c o s a n e  (12.321 m in ), 9: oc- 

to c o p h e ro l (12.953 m in).
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c  73 281 335

Figure 37 Mass sp e c tra  o f  s ily la te d  (A) a - to c o p h e r o l (12 .955 ทาเท), (B) M PBQ (7.923 

ทา'เก) and  (C) DMPBQ (8 .203  ทา]ก) fro m  in f ilt ra te d  leaves.


	CHAPTER IV Results
	4.1 Total RNA extraction
	4.2 Isolation of core sequences from degenerate primers
	4.3 Full length genes from RACE PCR
	4.4 Cloning of full length genes
	4.5 In silico protein identification and characterization
	4.6 Phylogenetic analysis
	4.7 Construction of plant expression vectors
	4.8 Gene expression of ctl and olrc2 overexpressed in tomato leaves
	4.9 Recombinant protein expression in tomato leaves
	4.10 Determination of tocopherol content in agroinfiltrated tomato leaves
	4.11 Determination of total chlorophyll content in agroinfiltrated tomato

leaves


